Activation of the archetypal Transient Receptor Potential (TRP) channel, which is essential for Drosophila phototransduction, depends on a phospholipase C (PLC). However, the precise mechanism linking PLC to the gating of TRP has been elusive. In this issue of Neuron, Leung et al. provide compelling evidence that a diacylglycerol (DAG) lipase (INAE), acting downstream of the PLC, is essential for opening TRP. These results strongly support the model that a DAG metabolite is critical for TRP activation and suggest that mammalian DAG lipases may play similar roles.
During the nearly 20 years that have elapsed since the Drosophila TRP channel was cloned, there has been breathtaking progress concerning the roles and modes of activation of TRP channels in both vertebrate and invertebrate organisms. These include the demonstrations that in one organism or another TRP channels impact on all the sensory modalities, ranging from Drosophila phototransduction to mammalian taste, the pheromone response, and the sensation of hot and cold (Venkatachalam and Montell, 2007) . These broad sensory roles are paralleled by an equally daunting diversity of activation mechanisms, including changes in temperature, interactions with compounds from an array of botanical sources, such as hot chili peppers, garlic, and marijuana, and a variety of second messengers. Perhaps the most important among this last group are second messengers whose concentrations either decrease (phosphinositide-4,5-bisphosphate [PIP 2 ]) or increase 4, ]) in response to activation of PLC. In fact, all of the canonical TRP channels, TRPCs, depend on PLC for activation, while most, if not all, of the remaining TRP channels are either positively or negatively regulated by PIP 2 , DAG, IP 3 , or products derived from these second messengers.
The concept that stimulation of PLC was required for TRPC channel activation emerged from genetic studies of Drosophila TRP, which is required for phototransduction. Loss of the eye-enriched PLC encoded by the norpA locus eliminates the light response (Bloomquist et al., 1988) . Nevertheless, despite many years of analysis, there has yet to be a clear resolution concerning the link between NORPA and opening of Drosophila TRP and the related TRPC channel, TRPL. In the case of the mammalian TRPCs, some are activated in vitro by DAG, while others appear to be gated by IP 3 . However, in only a few instances is there evidence as to the mechanisms through which most mammalian TRPC channels are gated in vivo. In the current issue of Neuron, Leung et al. (2008) identify a DAG lipase that is required for TRP channel activation in vivo. Their study is exciting and convincing, as it provides strong genetic support for the model that a DAG metabolite is the critical component for activation of TRP and TRPL during phototransduction.
The primary alternatives to DAG or a DAG metabolite as the excitatory second messenger for TRP are a PLC-dependent increase in IP 3 or decrease in PIP 2 . However, several studies mitigate these possibilities. Mutations that reduce or eliminate the one IP 3 receptor encoded in the fly genome have no effect on phototransduction (Acharya et al., 1997; Raghu et al., 2000a) . Furthermore, release of caged IP 3 in fly photoreceptor cells is insufficient to excite the channels (Hardie, 1995) . A decrease in PIP 2 also does not seem to promote channel activation, as mutations in enzymes such as the PI-synthase, which are essential for PIP 2 regeneration, do not increase the photoresponse (Wang and Montell, 2006) .
A key advance in deciphering the mode through which TRP and TRPL activity is tied to NORPA function was the discovery that polyunsaturated fatty acids (PUFAs), which could be produced from a DAG precursor, stimulate TRP and TRPL in vivo and TRPL in vitro (Chyb et al., 1999) . Further support for this model was that TRP and TRPL are constitutively active in a mutant background that eliminates the first enzyme, DAG kinase (DGK; Figure 1 , blue arrows), involved in the regeneration of PIP 2 from DAG (Raghu et al., 2000b) . Thus, in the absence of the DAG kinase, encoded by the rdgA locus, DAG levels could be elevated, although this has not been observed experimentally. It is possible that the DAG levels may not be higher in rdgA due to rapid metabolism of the DAG through activity of a DAG lipase. If so, then a mutation in the relevant DAG lipase should greatly impair the light response. Thus, over the last few years, a major objective in the field has been to identify a mutation in the putative DAG lipase expressed in fly photoreceptor cells.
In the study by Leung et al., the authors achieved this goal through analyses of a previously uncharacterized phototransduction mutant referred to as inaE (Leung et al., 2008) . Hypomorphic (weak) mutations in inaE result in a transient response to light, a phenotype reminiscent of the null trp mutant, which retains expression of the TRPL channel. The authors mapped the inaE locus to a region encompassing several dozen genes and performed a microarray analysis to identify genes within this interval that were reduced in mRNA expression in the mutant background. Among the three best candidates, the one that turned out to be the bona fide inaE gene was expressed as two alternatively spliced mRNAs (inaE-A and inaE-D), which encoded proteins with $40% sequence identities with known DAG lipases, such as DAGLa and -b (Bisogno et al., 2003 Figure 1 ). If the severe retinal degeneration and constitutive activity of TRP and TRPL in rdgA photoreceptor cells results from excessive DAG metabolites produced via INAE activity, then the strong inaE mutation should suppress dramatically the rdgA phenotype. Conversely, if DAG also functions in activation, then the suppression would be less pronounced.
The most important question concerning Drosophila TRP and TRPL, which remains the Holy Grail in Drosophila phototransduction, is the identity of the second messenger critical for channel activation. While PUFAs can gate these channels, enzymatic activity of INAE results in very little production of PUFAs. This latter finding raises the possibility that 2-MAG or saturated fatty acids are the true TRP activators. Alternatively, the 2-MAG may be converted to PUFA through activity of an as-yet-to-beidentified MAG lipase (Figure 1 ). It is also formally possible that INAE interacts directly with TRP and promotes its activity independently of its lipase function. However, this proposal seems remote because INAE is primarily localized to the cell bodies of the photoreceptor cells, which is the site of action of the RDGA (DAG kinase) and several other proteins involved in PIP 2 regeneration (Wang and Montell, 2007) . The spatial distribution of the INAE protein contrasts with the localization of TRP in the microvillar portion of the photoreceptor cells, the rhabdomeres, where light reception and phototransduction take place (Figure 1 ). Nevertheless, it will be important to use patch-clamp recordings to assay the effects of 2-MAG and saturated fatty acids on TRP and TRPL activity in vitro and in photoreceptor cells contained within isolated ommatidial units from the fly's compound eye. It will also be of interest to identify and characterize the putative MAG lipase and ascertain whether a point mutation that disrupts the INAE DAG lipase activity eliminates the photoresponse.
Finally, the observations that expression of inaE is not limited to the photoreceptors and that the strong alleles cause lethality raise the possibility that INAE activity also impacts some of the other remaining 11 Drosophila TRP channels in addition to TRP and TRPL. Of particular interest is whether those mammalian TRPs, especially the TRPC channels, which depend on PLC for activation, require the generation of second messengers, such as MAG and fatty acids, that are produced through the activity of DAG lipases related to INAE. The light receptor, rhodopsin (Rh), activates a heterotrimeric G protein, G q , which in turn engages PLC. The PLC (NORPA) catalyzes the hydrolysis of PIP 2 to generate IP 3 and DAG. The DAG lipase (INAE) promotes the metabolism of DAG to generate 2-MAG and saturated fatty acids, which might activate TRP (green question mark). Very small levels of 1-MAG and PUFAs are also produced via INAE. The 2-MAG might be converted to PUFA via a putative MAG lipase (green arrows and question mark). PIP 2 is regenerated from DAG through a multistep pathway (blue arrows) initiated by the RDGA (DAG kinase; DGK) stimulated conversion of DAG to phosphatidic acid (PA). The phototransduction cascade is situated in the rhabdomeres, while INAE and the proteins involved in the early events involved in PIP 2 regeneration are situated in the cell bodies. I thank Qiuting Ren for preparation of this figure.
The cellular basis of brain imaging is emerging as a new frontier in current neuroscience. In this issue of Neuron, Petzold et al. analyze a model system, the olfactory glomerulus, to show how neurovascular coupling involves an elaborate dance between axon terminals, presynaptic and postsynaptic dendrites, glial cells, and the capillary network.
Brain imaging has had an enormous impact on our understanding of brain function, but the mechanisms that produce the images are only starting to be addressed. In the last few years (reviewed in Raichle and Mintun, 2006) , the cellular basis of neurovascular coupling between neural activity and the changes in blood flow that underlie functional brain imaging has attracted increasing interest. The article by Petzold et al. (2008) in this issue of Neuron is timely for highlighting the work that is being undertaken to investigate this area.
From the introduction of 2-deoxyglucose and the related positron emission tomography (PET) method in the 1970s, the fundamental questions were recognized. Was the brain activity revealed by the methods due to neurons or glia; axons or dendrites; action potentials or synaptic potentials; synaptic excitation or inhibition? At first it seemed that, at least in cerebral cortex, the answer was relatively simple: synaptic potentials generate the largest ionic currents, requiring the most energy for pumping them back. This idea was supported by early work in various brain regions.
Missing from the general consensus were results of studies of the olfactory bulb, which, with its strict lamination and separation of cellular elements, showed the answer was more complicated. The most intense glucose uptake occurred indeed in the glomerular layer, where all the afferent axons make their terminals, but there was also uptake in the olfactory nerve layer, containing millions of unmyelinated axons (Sharp et al., 1977) . Highresolution studies revealed uptake over single presumed glial cells, indicating a glial link in the coupling of action potential traffic to glucose uptake from the vasculature (Benson et al., 1985) .
The proximate stimulus for the Petzold et al. study was a recent series of papers on the cortex and the olfactory bulb that have used local field potentials (LFPs) and multiphoton laser scanning microscopy (MPLSM) to show that local functional hyperemia is correlated with neuronal input and synaptic responses (Chaigneau et al., 2003 (Chaigneau et al., , 2007 Lauritzen, 2005; Logothetis and Wandell, 2004) , spiking activity of principal neurons, or both (Mukamel et al., 2005) . Astrocytes entered the cast of characters with the demonstrations that they can be involved in arteriolar constriction (Mulligan and MacVicar, 2004) and dilatation by mGluRs and prostaglandins (Zonta et al., 2003) . The classical in vitro model places astrocytes in a key position for supplying glucose and oxygen from the vasculature for energy metabolism, the astrocyteneuron lactate shuttle and the glutamate-glutamine cycle (Pellerin et al., 2007) .
The recent studies in the olfactory bulb have taken advantage of the unique properties of the olfactory glomerulus: the sharply defined anatomical boundaries; the high convergence of unimodal input axons; the excitatory glutamatergic actions of their terminals onto the distal dendrites of olfactory bulb neurons; and the dense synaptic neuropil of the glomerular
